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ABSTRACT

This report covers work carried out with the support of the Rome
Air Development Center during the period 1 October 1985 through
30 September 1986.

The small-signal frequency response of small-contact mass-
transported buried-heterostructure lasers with minimal parasitic
contact pad capacitance has been measured. Initial results show that
the highest relaxation frequency of 5 GHz is obtained in long lasers
with high optical power.

GalnAsP/InP buried-heterostructure lasers fabricated on p-InP
substrates offer considerable advantages in terms of reduced series
resistance because of the large-area p-contact. A simple formula has
been derived that permits an accurate calculation of the spreading
resistance in the p-InP.
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ELECTROOPTICAL DEVICES

I. HIGH-FREQUENCY RESPONSE OF SMALL-CONTACT
MASS-TRANSPORTED INJECTION LASERS

The small-signal high-frequency performance of diode lasers is of interest for the distribution
of microwave signals over optical fibers. The response of 1.3-um lasers is often limited by a para-
sitic contact pad capacitance.! This capacitance is formed in most laser structures by the contact
pad metallization and a thin electrical insulator which overlaps the substrate material in areas
outside of the actual laser stripe. The frequency response of the lasers was shown to improve as
this parasitic capacitance was reduced.! We report initial results taken on small-contact mass-
transported lasers in which the area of the contact is limited to the laser mesa and the parasitic
pad capacitance is eliminated.

The lasers were fabricated using the mass-transport process as described previously.2 Fig-
ure I-1 illustrates a cross-sectional view of the mass-transported laser. The GalnAsP active region
was 2 um wide and 0.15 um thick. On each side of the active region were 3.5-um-wide regions
of mass-transported InP, which formed the buried heterostructure. Contact metallization was
photolithographically confined to a 4-um-wide stripe above the 6-um laser mesa, as shown in
Figure I-1. The lasers were In-soldered in a microstripline package with the stripe side up.
In-coated Au ribbons were used to connect the microstripline to the contact stripe.

CONTACT PAD

L7 L

p InP 9 x 10'7

n InP 1X 1018 cm-3

Figure I-1. Schematic cross section of small contact mass-transported diode laser. Coniact is
confined 1o top of mesa to eliminate parasitic contact pad capacitance.




The microwave impedance of the diode is primarily capacitive at zero bias. With forward
bias, the capacitance is shorted as the diode begins to conduct and the impedance of the laser is
10 Q2 up to a frequency of 7 GHz, above which lead inductance (about 0.25 nH) begins to domi-
nate the impedance. The electrical impedance does not change with current once the diode
conducts.

Frequency response measurements were made using a network analyzer with a reflection-
transmission test set. The laser was connected to the output of the test set and an InGaAs detec-
tor, with a 3-dB rolloff frequency of 8 GHz, was connected to the input. The laser emission was
collected with a 0.6-NA lens and focused onto the detector with a 0.5-NA lens. A wideband bias
network was placed between the reflection-transmission test set and the laser without impedance
matching. RF insertion loss between the input to the laser and the detector output was measured
over the 0.1 to 8 GHz range using the leveled output of a sweep oscillator to drive the laser.

Figure 1-2(a) through (c) shows frequency response of a 400-um-long device for different
values of dc bias current. Pronounced response peaks associated with the laser relaxation oscilla-
tion frequency are evident; they are not observed for lasers with large parasitic capacitance. The
amplitude of this peak increases with increasing current, peaks at about 40 mA, and decreases
with higher currents. The ratio of the power at the resonant frequency to the power at low fre-
quencies is shown as a function of the square root of the dc optical power in Figure I-3. With
low parasitic capacitance, the response is enhanced by as much as 10 dB at this resonant
frequency.

The resonant frequency increases with dc bias current and the resonant peak broadens con-
siderably. At 30 mA, just above the 25-mA threshold current, the resonance occurs at 1.4 GHz.
At 90 mA the peak occurs at about 5 GHz and the response is 3 dB down from the low-
frequency value at about 6 GHz. This 3-dB rolloff frequency is plotted as a function of the
square root of the dc optical power in Figure I-3 and shows an approximate linear dependence.

At low frequencies (100 MHz) the total microwave insertion loss, from the input of the laser
bias network to the detector output, was about 23 dB and this low-frequency insertion loss was
independent of dc bias from just above the 25-mA threshold current to about 50 mA. At higher
dc biases the efficiency of the laser decreases as a result of current leakage around the active
layer and heating.

Initial results on these lasers indicate that longer lasers have better high-frequency perfor-
mance because of higher optical power output. Measurements of a 150-um laser show a maxi-
mum relaxation oscillation frequency of only 3.3 GHz. The output power of this 150-um laser
began to saturate near 2.5 mW, whereas the 400-um laser did not saturate up to 8 mW. At equi-
valent output power, the shorter laser did have a higher relaxation oscillation frequency, as
expected.
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Figure I-2. Small-signal frequency response of a 400-um-long laser

for different DC injection current levels. The laser threshold of this

device is 25 mA.
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Figure I-3. Dependence of resonant peak amplitude and frequency response
on DC optical power for the 400-um laser used in Figure I-2.
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Comparisons of our results with other 1.3-um lasers show that our relaxation frequencies are
similar to those seen in other buried-heterostructure lasers! and higher than those reported for
ridge waveguide! and DC-PBH3 structures. However, a 12.5-GHz relaxation oscillation frequency
has been reported* for short-cavity vapor-phase-regrown lasers operated on a pulsed basis. Com-
pared to the small-contact mass-transported lasers reported here, the vapor-phase regrown lasers
were twice as wide and twice as thick, and had twice the doping level in the InP cap and over
three times the output power per unit length. However, transverse and lateral mode quality tend
to be compromised in lasers with thick and wide active regions. We are investigating means to
increase the high-frequency performance of buried-heterostructure lasers while preserving lowest
order mode quality.

D.Z. Tsang
Z-L. Liau







II. SERIES RESISTANCE IN GalnAsP/InP BURIED-HETEROSTRUCTURE
LASERS FABRICATED ON p-TYPE SUBSTRATES

Recent development3-7 of GalnAsP/InP buried-heterostructure diode lasers using p-InP sub-
strates offers considerable advantages due to the large-area p contact, since the p contact is diffi-
cult to fabricate and has high specific contact resistance. In these devices, the total electrical
resistance likely will be dominated by the spreading resistance in the p-InP, which has considera-
bly higher resistivity than n-InP. In this work, the spreading resistance has been analyzed, and a
simple formula has been derived that permits an accurate calculation.

The electrical current flow in the substrate of a p-InP substrate BH laser is illustrated in
Figure II-1 for a laser with a 100 um X 100 um substrate cross section contacted at the bottom
surface. In forward bias, current starts from the large-area p contact and flows into the narrow
GalnAsP active layer (seen as a 2-um-wide segment). The voltage distribution for this device
geometry can be analyzed conveniently by using conformal mapping® from the simple case of
current flowing from all directions into a slit. The latter is shown in Figure 11-2(a), where the
equipotentials in the z plane (z = x +iy) are confocal ellipses given by

%2 L |
cosh2 @  sinh2 &

, )

where @ is the potential. The equipotential contours become nearly circular for & = 2. In order
to determine the equipotentials for our device geometry shown in Figure II-1, we map the upper
z plane into a strip in the upper w plane (w = u +iv) as shown in Figure II-2(b) using the coordi-
nate transformation8
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where W and s are the half widths of the active region and p substrate, respectively. By combin-
ing Equations (1) and (2), the potential ®(u,v) is obtained, which then is converted into the vol-
tage distribution V(u,v) by?2

V(u,v) = :;IL duv)+Vy 3)

where p is the resistivity of the p-InP, I is the current, L is the device length, and Vo is the junc-
tion voltage at the quaternary active region. (Vo = 0.98 V when the device is lasing.2) Note in
Figure I1-2(b), that when v = s, the equipotentials approach horizontal lines, and one of them
will closely approximate the p contact, as shown in Figure II-1.
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Figure II-1. Calculated current and voliage distributions in a p-substrate GalnAsP/InP buried-heterostructure
laser. The solid and dashed curves are the equipotentials and streamlines, respectively. The equipotentials are
shown in voltage increments of 0.1 V. The junction voltage at the GalnAsP active region is 0.98 V.
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Figure I1-2. The conformal mapping used 1o calculate the current
and voliage distributions in the p-substrate buried-heterostructure
laser. The solid and dashed curves are the equipotentials and stream-
lines, respectively. Part (a) shows the simple case of current flowing
(uniformly from all directions at infinity) into a slit that is main-
tained at a constant potential of ¢ = 0.




To calculate the spreading resistance, only the voltage difference between the p contact and
the quaternary active region needs to be evaluated. This can be done easily by considering only
the transformation [Equation (2)] along the imaginary axes and by noting that & = sinh-ly when
x = 0. Thus, the spreading resistance is given by

wv
sinh —'2?
p .
R=— h-l ——— 4
L O T W “)
sin —
2s

[Note that sinh-ly can be conveniently expressed as In (y +,/y2 + 1).] Equation (4) correctly
reduces to R = pv/2sL. when W =5,

Equation (4) allows for a direct computation of the spreading resistance R from the device
geometry and the resistivity. Figure II-3 shows that R varies slowly with 2s until 2s < v. For
typical discrete devices, 2s = 200 um and spreading resistances of 5 to 6 () are obtained from
Figure 11-3 for active region widths of 1 to 3 um and for p = 0.089 ) cm (corresponding to a
hole concentration of 1 X 10!8 cm-3 with a hole mobility of 70 cm2/V s). Our recent experimental
values of the total device resistances were =10 (), indicating that perhaps the contact resistances
were not negligible. It is worth noting that with minor modifications Equation (4) also can be
used to calculate the thermal resistance, provided that the device is mounted junction-side-up on
a heatsink and that all the heat is generated near the active region.

In conclusion, a simple formula has been derived that permits an accurate calculation of the
spreading resistance in p-substrate buried-heterostructure lasers. It is hlghly valuable in the device
design and in minimizing the series resistance.

Z-L. Liau
J.N. Walpole
D.Z. Tsang
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Figure 11-3. Calculated spreading resistance for the p-substrate,
buried-heterostructure laser as a function of the device geometry.
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